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The Variable Density Tunnel (VDT) i s  i n  Building 582 i n  t h e  East Area of the  
Langley Research Center .l The VDT was constructed during the  period from 
1921 t o  1923 a t  t h e  d i r ec t ion  of the  National Advisory Committee fo r  ~ e r o n a u t i c s  
( NACA) . 
The tank of the  MT was b u i l t  by the  Newport News Shipbuilding 6 Dry Dock Co., 
of Newport News, Virginia .  It i s  capable of withstanding a  working pressure 
of 21 atmospheres. It i s  b u i l t  of s t e e l  p l a t e s  lapped and r i v e t e d  according to  
the usual p rac t i ce  i n  steam bo i l e r  cons t ruc t ion ,  a l though,  because of the  s i z e  
of t h e  tank and the  high working pressure,  the construct ion i s  unusually heavy. 
Entrance t o  t h e  tank i s  gained through an e l l i p t i c a l  door 36 inches wide and 42 
inches high. The tank and i t s  contents  weigh 100 tons and a r e  supported by a  
foundation of re inforced  concrete.2 The tank is 34.5 f e e t  long and 15 f e e t  
i n  diameter with i n t e r i o r  s t e e l  walls 2 118 inches th ick .  To minimize tank 
volume and the  quant i ty  of s t r u c t u r a l  s t e e l  required (85 tons ) ,  an annular flow 
scheme was adopted. The t e s t  s ec t ion  was made5 f e e t  i n  diameter t o  match the  
National Advisory Committee for Aeronautics (NACA) Wind Tunnel No. 1. The 
maximum a i r  ve loc i ty  was 50 MPH a t  a  pressure of 20 atmospheres. 

The VDT was p a r t i a l l y  destroyed by f i r e  i n  1927. The i n t e r i o r  of the tunnel 
was-damaged but  the  ex te r io r  pressure tank remained i n t a c t .  The tunnel was 
r e b u i l t  and was opera t ional  again by 1930. 

By the 1940s the  tunnel was obsole te  by the  s tandards of the  day and was gut ted .  
The VDT continued t o  serve  the needs of NACA and was used a s  a  pressure tank t o  

. support the  operat ion of the  Ver t i ca l  Wind Tunnel and the  Low Turbulence Wind 
Tunnel. The VDT continued to  serve i n  t h i s  capaci ty u n t i l  i t  was declared 
po ten t i a l ly  unsafe for fur ther  operat ions i n  1978. Additional modifications 
during t h i s  time included the  removal of the viewing platform and porthole from 
the tunnel.  

The bas i c  s t r u c t u r e  of the  tunnel remains i n t a c t .  A t  the  present time the re  
a r e  no plans for  the use of the Variable Density Tunnel. 
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The Variable Density Tunnel was the  f i r s t  f a c i l i t y  t o  e s t a b l i s h  NACA a s  a  
technica l ly  competent research  organizat ion.  The tunnel was a  technological  
quantum jump tha t  rejuvenated American aerodynamic research  which i n  time led  
t o  the  b e s t  a i r c r a f t  i n  the  world.3 

The success of the  Wright Brothers a i rp l ane  was followed by a  technological  
backward s l i d e  by the  American a i r c r a f t  industry.  B r i t i s h ,  French, and German 
designers soon surpassed the  Wright Brothers and other  American a i r c r a f t  bu i lders .  
By World War 1 the  United S ta t e s  had s l ipped  i n t o  a  pos i t ion  of technological 
i n f e r i o r i t y  compared t o  t h e  European designers .  

To support t h e i r  a i r c r a f t  industry European designers  b u i l t  major wind tunnels  
t o  t e s t  new theor i e s  and t o  discover b e t t e r  methods of bui lding a i r c r a f t .  To 
rega in  for  America t h e  technological  leadersh ip  i n  the  f i e l d  of a i r c r a f t  design 
and manufacture, President  Woodrow Wilson signed i n t o  law a b i l l  e s t ab l i sh ing  
the National Advisory C o m i t t e e  for Areonautics (NACA) March 3 ,  1915. 

The r e s p o n s i b i l i t y  of NACA, a s  the  new agency was c a l l e d ,  was t o  "supervise and 
d i r e c t  the study of the  problems of f l i g h t ,  with a  view t o  t h e i r  p r a c t i c a l  
solution...." The a c t  a l s o  provided for  the  construct ion of research  f a c i l i t i e s  
and a  labora tory  s i t e  near Hampton, Virg in ia .  Thus the Langley Research Center 
came i n t o  being i n  1917. 

Or ig ina l ly  c a l l e d  Langley Memorial Aeronautical Laboratory, l a t e r  j u s t  Langley 
Aeronautical Laboratory, NACA Langley immediately s e t  about the problem of 
bui lding a  wind tunnel  t o  conduct aeronaut ica l  research.  Because of the  lack 
of experience i n  t h i s  a rea  Langley f i r s t  constructed NACA Wind Tunnel No. 1, a 
low speed tunnel  with no r e t u r n  c i r c u i t  for  a i r  passing through the  t e s t  sec t ion .  
Although usefu l  a s  a  learn ing  t o o l ,  t h i s  tunnel was obsole te  by the s tandards 
of the  day and produced no s i g n i f i c a n t  f indings.  

In June 1921 NACA's Executive Committee decided t o  leapfrog European wind 
tunnel technology and bu i ld  a  tunnel  i n  which pressures could be varied.  This 
concept was s t rongly  advocated by Max Munk, a  NACA technica l  a s s i s t a n t ,  who was 
fami l ia r  with European wind tunnel design from h i s  days a t  Gottingen. The 
purpose of the  Variable Density Tunnel, t ha t  Munk advocated, was t o  solve the  
problem of applying experimental r e s u l t s  obtained from s c a l e  model a i r c r a f t  t o  
f u l l  s i z e  a i r c r a f t .  Almost a l l  wind tunnel  t e s t s  a t  the  time were, and s t i l l  
a r e ,  performed on s c a l e  model a i r c r a f t  because of the  expense involved i n  
construct ing f u l l  s c a l e  wind tunnels.  
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In a  c l a s s i c  s e t  of experiments, Osborne Reynolds (1842-1912) of the  University 
of Manchester demonstrated t h a t  the  a i r f low pa t t e rn  over a  s c a l e  model would be 
the  same fo r  t h e  f u l l  s c a l e  vehic le  i f  c e r t a i n  flow parameters were the  same i n  
both cases.  This f a c t o r ,  now known a s  the  Reynolds number, i s  a  b a s i c  parameter 
i n  the  descr ip t ion  of a l l  fluid-flow s i t u a t i o n s ,  including the  shapes of flow 
pa t t e rns ,  the  ease  of heat t r a n s f e r ,  and the onset  of turbulence.4 

In 1921 a l l  wind tunnels  were operat ing a t  normal atmospheric pressure using 
s c a l e  models. This meant t h a t  experimental r e s u l t s  using these  wind tunnels  
were open t o  quest ion because the Reynolds number obtained did not match those 
encountered i n  using f u l l  s c a l e  a i r c r a f t .  Thus the  Reynolds number of a  1120- 
sca l e  model being t e s t e d  a t  opera t ional  f l i g h t  v e l o c i t i e s  i n  an atmospheric 
wind tunnel would be too low by a f ac to r  of 20. NACA engineers r e a l i z e d  t h a t  
s ince  the  Reynolds number i s  a l s o  proport ional  to  a i r  dens i ty  t h a t  a  so lu t ion  
was poss ib le  by t e s t i n g  1120-scale models a t  a  pressure of 20 atmospheres. The 
Reynolds number would be the  same i n  the wind tunnel a s  i n  ac tua l  f l i g h t . 5  

This was the  s ign i f i cance  of the Variable Density Tunnel. The VDT, for  the  
f i r s t  time, placed i n  t h e  hands of NACA engineers a  research  t o o l  superior  t o  
t h a t  found anywhere e l s e  i n  the world. The VDT was ab le  to  predic t  flow char- 
a c t e r i s t i c s  of t e s t  a i r c r a f t  models more accura te ly  than any other  tunnel then 
i n  existence.  The VDT quickly es tab l i shed  i t s e l f  a s  a  primary source for  
aerodynamic data  a t  high Reynolds numbers. 

The r e s u l t  of t h i s  research  l ed  t o  the publicat ion of NACA Technical Report 460 
i n  which aerodynamic data  for  78 r e l a t e d  a i r f o i l  sec t ions  were presented. 
Information contained i n  t h i s  r epor t  eventual ly found i t s  way i n t o  the  design 
of such famous a i r c r a f t  a s  the DC-3, B-17 and .the P-38. 

The VDT es tabl i shed  NACA a s  a  technological ly competent organizat ion and led  t o  
the production of superior  American a i r c r a f t  t h a t  have dominated the airways of 
the world s ince  t h a t  time. A l l  modern Variable Density Tunnels now i n  operat ion 
a r e  bu t  an extension of t h e  o r i g i n a l  i d e a l  f i r s t  formulated and put i n t o  operat ion 
by Max Munk i n  1921 with the construct ion of the o r i g i n a l  Variable Density 
Tunnel a t  Langley. 
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Footnotes 

1. Much of the material in Sections 7 and 8 of this report has been adapted 
from Donald D. Baals and William R. Corliss, Wind Tunnels of NASA 
(Washington, D.C.: National Aeronautics and Space Administration, 1981), 
pp. 9-17. 

2. Elton W. Miller, The Variable Density Wind Tunnel of the National Advisory 
Committee for Aeronautics Part 11, Technical Report No. 227, (Washington, D.C.: 
National Advisory Committee for Aeronautics, 1925)', pp. 411-412. 

3. Baals, 17. 

4. Ibid 3. -> 

5. Ibid., 15. - 














